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gases in an electrostatic precipitator and disposed of as 

3,782,985 waste material. 

TdSKr SMS , N k° SradiDg ° r e , nhaDCement ° f < he V°P*™ of fly ash 

SAME MANUFACTURING THE has been attempted> except for comp acting, firing or sinter- 

John C. Gebhardt, Annapolis, Md., assignor to Cadcom, 5 in S; a " d the resulting structural products produced using / 

Incorporated, Annapolis, Md. coal flv ash as a component have in the past exhibited^ 

No Drawing. Filed Nov. 26, 1971, Sen No. 202,601 few unusual properties. However, it is known that a smafi 

Int. CI. C04b 7/02, 7/32; C08h 17/04 fraction of coal fly ash consists of small, hollow spheres^ 
U.S. CI. 106 — 97 io Claims called cenospheres, or "floaters." It is further known that 

_ 10 the floaters or cenospheres typically constitute from 0.5 

ABSTRACT OF THE DISCLOSURE to 5% of the wei S hl of 

A lightweight, high strength concrete is formed by mix- SUMMARY OF THE INVENTION 

ing with water, an admixture of fine aggregate consisting The present invention is directed to the employment 

solely °l flaUy ash cenospheres and dry hydraulic ce- 15 of fly ash cenospheres as sole aggregate in an admixture 

ment, then solidifying the mixture. - of aggregate and dry hydraulic cement to form an im- 

proved lightweight, high strength concrete material. Pref- 

BArM^n^TTXT^ ™=- mttp tvt^^vt^v, erably, the cement in the admixture varies from .2 to 4.0 

BACKGROUND OF THE INVENTION parts for eacn part cenospheres by volume. The hydraulic 

Field of the invention 20 cement may comprise portland cement or high-alumina 

Th\c „i, t „ *^ • t.. u- t. ^ cement and, after separating the cenospheres from the 

a£ 17™?, ™l,v t i ^T 8 £ *- h,8h St T 8,h C °?" coal R y ash - the fl y ash cenospheres are mixed with the 

SL^L?™ WJZ v ?L T T°7 d C °-, Cre, 5 h V draulic « ment 10 ™ «««*ry to prevent 

S3 £S appl,cat,on 10 *• construction, oil and stratification of Ae , ight cen ospheres in the heavier ce- 

marme industries. 25 mcnt Wat£r js adde(J tQ tbJs admixture and mijted with 

Description of the prior art the same until workability of the mixture is achieved, 

Mesh reinforced concrete is in general use in the and - * he V j! 11 11 ' " ' j* 'l 1 11 inluct form desired 

construction industry, but even with the reinforcement of and . hardened. Preferably, the ratio of water to cement 

the mesh, conventional hydraulic cement has relatively 30 vanes from * 36 t0 15 by volume ' 

poor strength to weight ratio. Further, water seeps through DESCRIPTION OF PREFERRED EMBODIMENT 

f^Kl! In? » n ' T? n UC ,0 , Capi '" ™ e P resent invention is dircc,ed 10 a liehlweight, high 

lary forces. While dense well-constructed well-cured con- str ,„ stnjctura , concretc matcria , an<J b jts m * th ' od b of 

crete ord.nar.ly does not leak, capillary forces w.U cause production which is formed of mineral cement and , he 

« , 1 , a ? he -J M t °,- ' he n°f fete 35 ^hU hollow spherical particles known as cenospheres or 

S*' ^ exte ° ded P c , rl0d of • t ,,n ! e -, K 0rd ": a , ry floaters, which are found in coal fly ash. Raw fly ash 

concrete exhibits somewhat greater porosity to the lighter co , lec , ed by . product of the comb r U5tion of prized 

and more volatile oils such as kerosene, benzene, naptha coal b an clectr £ static precipitalor or the lik * is in me 

and gasoline. And hus, the poros.ty of ordmary concrete form of ve finc ^ ^ amoun , s ^ , 0% 

makes conventional concrete unsuitable for storage tanks 40 we ^ coa i which is burned. A typical raw fly 

unless special linings are applied to the ms.de of these J h gc £ erated from a bitumin0U5 coaI chemica 5 

I v. . . , 4 composition of the following table: 
Further, ordinary concrete acts to some extent as a 

thermal insulator but is not normally considered an in- TABLE 1 

sulating structural material. The lack of ability of con- 45 Component; Percent by weight 

ventional concrete to withstand high temperatures with- SiO a 49.1 

out degrading, makes most conventional concrete useless AIjO, 16.25 

in application requiring the concrete to be subject to high Fc/), . 22.31 

temperatures for extensive periods of time. Attempts have CaO 4.48 

been made to form a lightweight, high strength structural GO MgO _ 1.00 

concrete material by employing coal fly ash both as a NajO, K 3 0 1.47 

portion of the aggregate of the concrete admixture, and C 2.21 

also by replacing entirely, the fine aggregate of conven- 9Q% by wcight of lhe parll - c | cs in raWf carbonrfree fly 
tional concrete materials. As a rule, concrete utilizing fly ash are )css lhan 30/| in ammeter. The average specific 
ash as the sole aggregate, is slightly hghter in weight than ^ surfacc of fly ash is xm (cm 3/p } and lhc ave ragc den- 
normal concrete and of comparable strength. Cement sity of thMndividual particles is 2.4 g./cm. 3 . 
blocks have also been made from fly ash and Portland The fraction of coal fiy ash in the form of cenospheres 
cement. Fly ash has been used in the past, together with typically ranges from 0.5 to 5% of lhc weight of lhc fly 
calcium hydrate, to create a structural material and fly asn . i n contrast to raw fly ash, cenospheres have a bulk 
ash combined with shale or clay has been fired in a 60 density of from 0.25 to 0.35 g./cm. 3 . and individual ccno- 
non-oxidizing atmosphere to produce lightweight ajg- spheres have density varying from 0.4 to 0.6 g./cm. 3 . The 
gregates for further use in concrete. In all of these ap- cenospheres are larger than the solid fly ash particles and 
plications, the fly ash is employed essentially as it is ob- range in diameter from about 50>i to I 25>a. Studies have 
tained from the precipitators. shown an investigation of the chemical composition of 
Coal fly ash is a by-product of the combustion of Oo the cenospheres in contrast to the raw fl> ash shows that 
pulverized coal. It is normally collected from the flue the chemical composition varies from sample to sample 
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but is significantly different from the composition of raw The improved, lightweight, high strength, concrete ma- 
fly ash. A typical composition being set forth in Table 2: terial of the present invention is also highly impermeable. 

TABLE 2 Extensive testing has revealed that the concrete of the 

present invention may be formulated to meet many dif- 

Component: Percent by weight g ferent strength and weight requirements. Depending upon 

SiO a 55-61 the proportions of cenospheres and . cement, the density 

A1 2 0 3 26-30 may vary between 45 and 115 pounds per cubic foot and 

Fe 2 0 3 4-10 a compressive strength may in turn vary between 2,000- 

CaO 0.2-0.6 15,000 p.s.i. Test results in terms of strength, density and 

MgO 1-2 jo strength to weight ratios are illustrated in the following 

Na 2 0, K 2 0 0.5-4.0 Table 3: 

Carbon 0.01-2.0 table 3 

It is noted that by comparing the compositions of the £^ 

raw fly ash with the composition of cenospheres forming — Compres- 

a minor portion thereof, the latter have considerably more 15 CeQ& . Wa g Btren ^ Density( strengt t S 

silica (Si0 2 ) and about twice as much alumina (A1 2 0 3 ) Cement spheres Sand volumo p.s.l. lbs./ft. weight 

as raw fly ash. Also, cenospheres contain about five times >2 l o .300 2,000 45 u 

less iron oxide (Fe 2 0 3 ) and lime (CaO) than raw fiy ash. .25 1 0 .'313 2,' coo 63 47 

It has been ascertained that the chemical composition of 1 0 ! 375 z, 300 w ci 

cenospheres particularly due to their size and structure, 20 1.0 10 .620 moo 100 64 

make them ideal as a constituent of structural concrete } 0 i.m 12, 000 m no 

and that the combination of cement, cenospheres and *-0 1 0 1.450 le^ooo 114 131 

water in proper proportions, yields a workable plastic 1 0 0 63 

mass which hardens into a new and different structural #Ae4 M ,„ u „ • 4a , 4 . tt4 

■ 1 „. f v „ . . ... .. . ok From the above test results, it is noted that the strength- 

tfiXS**- 11 is 10 this end that * e present toven - EK^J^SS S^t r £ r „ 

th» imnmJ m.^ui a. ■ -~ ventional high-strength structural concrete which has a 

« ssffs^srcssss sr r h * ^ * i « r** feet r d a stre r ?r° psi ; 

and admixing me same with dry hydraulic cement in ? n COn £ ast ' ?M0-p.s.i. cenosphere concrete of the present 
amounts varying from .2 part to 4 parts cenospheres to mv ' ° , We .' 8 £ ° nl /.t° P ° UDdS P f CUblC f ° 0t - The . n ? od ; 
one part hydraulic cement, by volume. Water is added in ?„ lus of e, f ? clty ° f ,he ,«nP™ved concrete matenal of 
sufficient quantity to give the resulting plastic mass ade- tbe , . mvent, °? ,s Icss t th . an J ,hat of . oc ^. con I 

quate workability, however the water is not added until 35 fete. Th,s improved property .s due to the elasticity of 
Sie cenospheres aid dry portland cement or high alumina ? e holIow ??<*P*'™ STW "W" « 

cement are thoroughly mixed, since the very light ceno- ,he mC / e . ased touglmess exhibited by he matenal of the 
spheres tend to stratify in the heavier Portland cement. ? resent « nventl0n ; Fur *«. ,«» <«™le strength of tte 

It is further noted that significantly more water is required An ! mpr0ved conerete matenal ° £ P« se « "! v «Uon 

to achieve workability of the fluid cement mixture than 40 J"""" 5 .? 5 compressive strength increases. The spht- 
would be required for conventional mortars or concrete. ^ n ^ B , M r M . 0 c ?T d V f T 
Reference to Table 1 illustrates the water necessary to ^^Sj^^^L^TT V 
achieve workability for various cenosphere concrete com- ^V^fitZt^ll 3 ■/ ■ wr a .u . «, 
positions, together with the water necessary to achieve • 111 ' er ? of t \ ennal P ro P ertles > lt ■ b 5 h « ved that * e 

the same workability for a typical sand-cement mortar « unp ™ Ved £?? phc , re ""P** "J 316 "? 1 of ,he pr f^ 
It has been found that in calculating the required water 1 tTl^!* e « rao ( rdinar " v low ^im* conductivity 
it is more appropriate to use the water-total solids ratio *" f v ^M^-T"" 11 - T^ 1 ' ! hus , makin8 ( 11 
instead of the water-cement ratio, since the average par- K SSS-*? ■** f^™?^* 11 str " ctura ma V:- ' 
tide size of the cenospheres is of the same order of mag- 2£ V^tSS^ 6 ^ ? cen .? sphe , res » addl " 

nitude as the particles of the cement, and hence the sur- 60 E^^ZSSZ' Z \ V w,th ! ., ,u,r ?T 
face area per unit volume is nearly the same as for port- and he , nce «?atenally add to the insulating quality of the 

i^s^^^^is^. siKi bu r an r stand h , i8h tem - 

ever, some of the extra water is used to chemically hydrate 53 «™ ■« ^ ? Siace . the cenospheres are 

the unreacted lime which, in turn, combines witf. the Sn^ 7 ^h?^"* ST"? t of 

alumina and silica in the cenospheres, producing a ce- f ure B l ^t^' V f !1 be '°* L*? 5 "" 

mentation bond between the aggregate and the cement. It ? y h * ±, t haS ^ furthe t r *fnmned that ceno- 

is believed that this is the phenomena which contributes t^ LL ^h VTT ° f ,he - pre ? eDt """t 

materially to the strength of the cenosphere hydraulic ~ ^to 16M' F SttSHSLT" 11 ^''k 5 US 1™"^ 

cement concrete material. U . P 16 °? . • * at ^ hlcb L ^i 151 the cement begins to melt 

In contrast, in concrete with raw fly ash as the fine ^n^'JSflt fw **° D * which increases the strength 

aggregate, some of the fly ash also reacts with the unre^ ^EfiZ^^u* T 5" ", P 10 23 °°. F " Fuf " 

acted lime. However, the average particles size of the raw t lu ,mpro , ved cenosphere-hydrauhc cement concrete 

i y at? s rt smaller s 65 h= in m r u r 2 ^ JS5 

water s therefore required Oian is necessary or desirable ma tely equal to the 28-day strength of the equivalent 

^T^^&^r^ ^ ° f Cen ° Sphere C ° DCrCtC ^ure y made 8 with ^rtlandTenTent! 

raw fly ash available for the pozzolomc reaction is not Eventually, when fully cured, it attains twice the strength 

necessary, since only a small amount of unreacted lime is 70 of the equivalent portland cement concrete mixture 

present. By using cenospheres instead of raw fly ash, less In comparison with ordinary concrete structures, the 

water is required (the cenospheres supply some unreacted porosity of the improved concrete of the present inven- 

hme with their own), and sufficient surface areas avail- tion is extremely low. Concrete panels employing ceno- 

able to react all of the unreacted lime in the cement and spheres as the total aggregate in hydraulic cement, manu- 

in the cenospheres. 75 factured under the method previously describe^ having 
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a thickness of % of an inch, were subjected to 20-foot- 
heads of water and kerosene for approximately one week 
with absolutely no detectable seepage. This result is in- 
dicative that the improved concrete mixture of the present 
invention is significantly different in structure from ordi- 6 
nary concrete and therefore may be highly useful where 
lightweight, low-porosity materials are desired. The un- 
usual quality of the improved concrete mixture of the 
present invention would not be readily apparent, since in 
order for ordinary concrete to the watertight, the lowest jo 
possible water/cement ratio must be used, consistent with 
workability requirements. Since required water/cement 
ratio for the improved concrete mixture of the present 
invention is higher than that for ordinary concrete, it 
would appear that cenosphere concrete would be quite 15 
porous and non-watertight. Test results indicate that this 
is clearly not the case, and the opposite is true. 

Further, while the raw materials from the concrete of 
the present invention is formulated, are more expensive 
than those raw materials forming ordinary concrete, the 20 
total project cost may in fact be reduced in weight sensi- 
tive application through reductions of deadloads, trans- 
portation costs and handling costs. 

From the above, it is readily apparent that the im- 
proved hydraulic cement — fine aggregate concrete of the 25 
present invention in which the fine aggregate consists 
solely of fly ash cenospheres, results in a mortar having 
superior properties in terms of: 

(1) High strength — 28-day strengths at least as high 

as those of conventional hydraulic cement concretes; 30 

(2) Low weight — densities on the order of 50% of 
1:2 (sand-cement) mortar; 

(3) Low porosity — must be watertight; and 

(4) Other properties which must equal or exceed those 

of sand-cement mortar. 35 

The concrete material of the present invention con- 
stitutes the ideal hydraulic mortar for use in any concrete 
product where weight is a factor. Advantageously, such 
material may form the floor slabs for high rise buildings, 
concrete pipe, all types of marine uses and particularly 40 
ship holds, factory-built modular housing units and pre- 
cast concrete products which must be transported long 
distances and are subject to large handling costs, due to 
their weight to volume ratios. 
What is claimed is: 45 

1. In a concrete material consisting of an admixture of 
fine aggregate and dry hydraulic cement, and formed 
by mixing with water and subsequently hardening of the 
same, the improvement wherein said fine aggregate solely 
comprises fly ash cenospheres whose density individually 50 
varies from 0.4 to 0.6 gram per cubic centimeter. 

2. The concrete material as claimed in claim 1, wherein 
said cement in said admixture varies from .2 to 4.0 parts 
for each part cenospheres, by volume. 
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3. The concrete material as claimed in claim 1, where- 
in said hydraulic cement comprises portland cement. 

4. The concrete material as claimed in claim 1, wherein 
said hydraulic cement comprises a high-alumina cement. 

5. The concrete material as claimed in claim 2, where- 
in said hydraulic cement comprises portland cement. 

6. The concrete material as claimed in claim 2, wherein 
said hydraulic cement comprises a high-alumina cement. 

7. A method of producing an improved, lightweight, 
high strength concrete product comprising the steps of: 

( 1 ) mixing fly ash cenospheres whose individual densi- 
ty varies from 0.4 to 0.6 gram per cubic centimeter 

• as the sole aggregate with dry hydraulic cement to 
the extent necessary to prevent stratification of the 
liquid cenospheres in the heavier cement, 

(2) adding sufficient water and mixing the same with 
the admixture of cement and fly ash cenospheres to 
achieve workability of the resulting fluid mixture, 
and 

(3) casting the resulting fluid mixture into the product 
form desired and hardening the same. 

8. The method as claimed in claim 7, wherein the 
ratio by volume of cement to cenospheres varies from .2 
to 4.0. 

9. The method as claimed in claim 7, wherein the ratio 
by volume of the water to cement varies from .36 to 1.5. 
, 10. The method as claimed in claim 8, wherein the 
ratio by volume of the water to cement varies from .36 
to 1.5. 
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